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Abstract 
This research studied the effect of integration of information and communication technology (ICT) in classroom for 
enhancing 21st century learning skills which included collaboration, communication, information literacy, media literacy, and 
ICT literacy.  In this study, based on learning theories and student-centered approach, integration of ICT included four 
effective functions; dynamic content presentation, information access, creation and sharing, interaction and reflection.  Seven 
educational technology experts evaluated these functions by an assessment tool.  The evaluation showed that the integration 
was appropriated.  The integration was then applied into teaching and learning process throughout the course to study the 
effect.  69 undergraduate students and 22 graduate students in two different 4-months courses were target studied.  The 
students were assessed themselves by a 21st century learning skill assessment tool before and after courses.  The results 
showed that integration of ICT in classroom could enhance the 21st century learning skills for both undergraduate and 
graduate levels significantly with high effect size. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of The Association of Science, Education and Technology-TASET, Sakarya 
Universitesi, Turkey. 
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1. Introduction 
In the 21st century, Information and Communication Technology (ICT) accelerates global competition and 
collaboration.  Information, knowledge and innovation drive and reshape the industrial economy, businesses and 
workplaces.  Advanced economies need people who can adapt and contribute to organizations, products, and 
processes and also have skills to keep learning and adjusting to change (Kay, 2010).  The Partnership for the 21st 
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century skills (2009) also proposed that the students in today’s world must have the essential skills to be 
successful in the 21st century life and workplace, such as information, media and technology skills, 
communication and collaboration skills, and critical thinking and problem solving skills.  
Thailand also recognized the importance of the above subject.  Therefore, the reform of education was 
enacted by The National Education Act issued in 1999.  The Act provided principles and challenging guidelines 
for the provision and development of Thai education in order to prepare all Thai students for a learning society, 
leading to advanced economies.  The educational reform thus focused on learning process and utilization of 
technologies in education essentially to improve quality of teaching and learning (Office of the National 
Education Commission, 2004).  After this Act, many organizations and institutes have ICT master plans for 
reforming learning process and utilization of technologies for education.  Effective ICT is very necessary to be 
successful not only in studying but also in careers and lifelong learning (Stacey, Smith, & Barty, 2004).  A great 
number of researches also confirmed that the usage of ICT in teaching and learning could enhance student skills 
in many ways, for example thinking ability, self-direction, self-regulation, communication and collaboration 
skills (Yang, 2009; Jou & Lin, 2012; Sitzmann, Bell, Kraiger, & Kanar, 2009; Enriquez,  2010; Ian, 2010; Li, 
2010; Irwin, Ball, Desbrow & Leveritt, 2012; Punya, Chris & Danah, 2013). With ICT, students are able to 
access, share, analyze, and present information gained from a variety of sources and in many different ways.  The 
use of ICT provides opportunities for students to work both collaboratively and independently.  Therefore, the 
role of ICT within the curriculum is not only to enhance the learning experiences of students but also to help 
them develop the skills essentially to participate effectively for working in group, and developing team spirit, 
cohesion, and social values.  
Nevertheless, the report from Office of the Education Council (2011) showed that the skills of university 
graduates weren’t suitable for the workplace and the changing of ICT organization even though the latest survey 
in 2008 about the use of ICT in academic from National Statistical Office (2009) found that percentage of using 
ICT in higher education was really high compared with other academic levels.  The survey also stated that only 
26.9% of teachers used ICT in the classroom and used ICT just 9.6 hour/weeks for presenting contents.  
Moreover, the result from synthesis of online learning research in Thai’s higher education between 1999 to 2009 
(Pheeraphan & Sompong, 2011) also found that researches mainly focused on the development of learning 
outcomes through learning achievement (89.47%), and slightly focused on critical thinking and problem solving 
(12.28%), self-directed learning (4.38%) and collaboration (1.75), respectively. 
Therefore, enhancement of the 21st century learning skills for Thai higher education by integration of ICT in 
classroom is necessary and important to be investigated.    
2. Objective 
The research was to study the effect of integration of information and communication technology in classroom 
for enhancing the 21st century learning skills which included collaboration, communication, information literacy, 
media literacy, and ICT literacy. 
3. Literature review 
In the 21st century, an ICT-driven age, students are expected to become productive digital people, to 
effectively learn for a lifetime, to have higher order thinking skills, to have collaboration and communication 
skills with others, and to become competent in technology use (information literacy, media literacy, and ICT 
literacy) (Kay, 2010).   
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ICT is one of powerful tools to utilize 21st century skills (Pearlman, 2010).  However, providing available 
technologies does not help to change teaching methods or the level of learning outcomes.  Effective use of ICT 
integration in classroom requires appropriate pedagogies.  Pedagogies of ICT integration not only can enhance 
learning but also can have the potential to transform learning.  Effective integration of ICT provide tools and 
environments that support active learning, exploring and experimenting, thinking and working creatively, 
constructing and creating new knowledge, reflecting and planning, using feedback and self-assessment, 
communicating with others, supporting and developing collaborative projects, working interactively in classroom 
and public.  Therefore, integration of ICT into teaching and learning process will empower teachers to focus on 
(1) student-centered approach, (2) active and interactive learning, (3) connecting with learner experiences and 
needs, and (4) development of critical and ethical understandings of the value of the use of ICT (Ministerial 
Council on Education, Employment, Training and Youth Affairs, 2005).  Researches also showed that learning 
theories (behavior, cognition, constructivist, and socially situated learning) and student-centered methods (active 
learning, project-based learning, and collaborative learning) can be a catalyst to incorporate digital literacy in an 
effective way (McDougall & Boyle, 2004; Watson, 2006; Woollard, 2005, Holmes & Gardner, 2006).  Therefore, 
approaches to ICT integration in teaching and learning were subsequently described of different ways with 
varying degrees of success.  Therefore, integrating ICT approach in a particular subject can assist pedagogy on 
types of objectives set for teaching-learning and evaluation.  This approach is useful to enhance ICT literacy 
skills and the underlying pedagogy allows students to further develop essential skills based on learning 
environment (Khirwadkar, 2007), see Fig. 1. 
 
 
 
 
 
 
 
 
Fig. 1 Research Framework 
However, when teachers have to integrate ICT in classroom, some teachers may feel stressed trying to keep 
up with ICT and also struggle in using ICT.  They have had neither the preparation nor the support that enables 
them to stay out of the trap. It’s just because that they think of ICT in terms of nouns (PowerPoint, Youtube, or 
Facebook), not in terms of verbs (presenting, sharing, and communicating) (Fisher & Frey, 2010).  Therefore, in 
this research, functions of technology were focused on for integration of ICT in classroom more rather than just 
the tools or forms of technology. 
4. Research methodology 
 This study was divided into 2 phases as shown below. 
 
Phase I: Studying the integration of ICT into classroom on the 21st century learner skills for higher education.  
The tasks could be listed as follows.  
1. Analyzing the learning theories and the student-centered methods to be used for integration of 
ICT in classroom.  
2. Analyzing the ICT pedagogical principles and the characteristics of contemporary technology 
that teachers and students familiar with.  
3. Defining the scope of the 21st century skills.  
Learning theories 
Student-centered methods 
ICT pedagogy approach 
Integration of ICT in Classroom 
21st century learning skills 
 collaboration skills  
 communication skills 
 information literacy 
 media literacy 
  ICT literacy 
368   Nutteerat Pheeraphan /  Procedia - Social and Behavioral Sciences  103 ( 2013 )  365 – 373 
4. Developing the integration of ICT into the classroom.  
5. Assessing the integration of ICT by the ICT experts via assessment tool.  
Determining Index of Consistency (IOC) used to evaluate the consensus of the experts’ opinion 
 
Phase II: Studying the effect of integration of ICT into classroom for enhancing the 21st century learning 
skills for higher education.  The tasks could be listed as follows. 
1. Integrating ICT into course design and learning activities in two courses: 
Group1: For undergraduate students in Media Innovation and Information Technology for 
Educational Communication course.   
Group2: For graduate students in Technology and Research for Knowledge Construction and 
Communication course.   
2. Performing quasi-experimental study using one group pre-posttest design.  
The target studies included:  
Group1: 69 undergraduate students of the third year pre-service teachers in general science and 
social science major who registered in Media Innovation and Information Technology 
for Educational Communication course of the 1st semester, 2012 academic year at 
faculty of Education, Srinakharinwirot University, Thailand. 
Group2: 22 graduate students of the first year educators in evaluation and research major who 
registered in Technology and Research for Knowledge Construction and 
Communication course of 1st semester, 2012 academic year at faculty of Education, 
Srinakharinwirot University, Thailand. 
3. The first day of the course activity, the target studies were self assessed their 21st century skills 
by the 21st century skills assessment tool.   
4. Conducting activities that integrate ICT into teaching and learning process throughout the 
semester.  
5. The last day of the course activity, the target studies were self assessed their 21st century skills 
again by the 21st century skills assessment tool.   
6. Inferential statistics by t-test paired for each group was used to compare the data between before 
and after the course activity.  
7. Calculating the effect size (d) to determine the power of effected.  The criterion and interpretation 
(Cohen, 1988 see in Libsey & Wilson, 2001) was as follows.  
 d   .20  small effect 
.21    d   .79 medium effect 
d   .80  large effect 
 
5. Results 
Phase I: The results of studying the integration of ICT into classroom on the 21st century learner skills for 
higher education can be described as follows. 
Based on the 7 experts’ consensus, the integration of ICT in the classroom on the 21st century 
learning skills for Thai higher education including 4 associated functions was appropriated,  
see Fig. 2. 
Function I:  Dynamic content presentation is the usage of ICT for delivering knowledge and 
experience via presentation program with multimedia (text, picture, animation, sound, 
and video) such as Microsoft PowerPoint or Keynote together with various activities 
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such as classroom discussion, think-pair-share, demonstrations, simulations, reaction to 
video, individual assignments, and group works. 
This function can respond to individual learner perception and can engage students to be 
more active learners.  In this way, students will learn how to present their works 
powerfully.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Four associated functions of ICT integration 
Function II: Access Information is the usage of ICT for accessing the information by exploring, 
searching, understanding, analyzing, and synthesizing the information from resources 
around the world via search engines such as Google, Yahoo Search, AltaVista, and etc.   
When students explore of ideas, select the useful information, evaluate and construct 
knowledge, these ICT activities enable students to develop the type of cognitive 
processes and help teachers to use ICT to foster significant learning experiences.  
Moreover, students can realize understanding and appropriate usage of information 
based on law and ethic. 
Function III: Creation and Sharing is the usage of ICT for creating and distributing students’ projects 
not only in the classroom but also in public.  Some types of product can be a research 
paper or a presentation, or a video clip, or a blog, or a portfolio.  The examples of using 
ICT are journal writing for individual activity via Blog, sharing group project on 
Dropbox, publishing slide presentation on 4share or creating movie clip published on 
YouTube.   
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The significance is that students will learn to be good audiences and good peer reviewers 
because they learn to comment and assess their friends’ projects.  They will get advice 
and feedback from audiences inside and outside classroom.  It will also encourage 
student to be more competitive on their group projects.  For example by journaling in 
Blog, the students will learn how to be a producer. They have to synthesize the 
information that they grab from the Internet. In this way, it will change the role of 
students from users to become creators in cyber world with responsibility and ethics.    
 
Function IV: Interaction and Reflection is the usage of ICT for encouraging the relationship between 
teachers and students.   ICT nowadays has various formats (text, voice, and face), times 
(asynchronous and synchronous), forms (private contact and public contract) and 
relationship (one to one, one to many, and many to many).  ICT also provides powerful 
tools for teachers to know the students as an individual person and get some advice for 
them personally.  Moreover, the more interaction between the teacher and the student is, 
the more student engagement with their learning will be.   Likewise, the more they get 
feedback fast, the more they become active.   
 
FaceBook, Skype, and Email are examples of some powerful ways to help teacher to 
know individual student even in overcrowded classroom.  Students can easily exchange 
the personal opinion, knowledge, and group activity without barrier in times and places.  
Also, students can communicate with their team members on their group projects with 
respect.  Blog is another example that can help teachers to know and understand what 
are inside the ideas of their students.  By using Blog, the students will know each other 
through reading and interacting with their friends. 
 
Integration of 4 associated Functions:    
   
When teachers integrate these four associate functions of ICT in their teaching and learning 
throughout the semester, it can enhance the 21st century learning skills as follows. 
 Collaboration skill is the ability to work effectively with others, to be respectful for the value of 
the member, and also to be responsible on the group works. 
 Communication skill is the ability to compose, view and communicate the ideas to others in 
order to understand via oral or written. 
 Information literacy is the ability to access, use, analyze, and evaluate of information 
appropriately with responsibility and ethics.  
 Media literacy is the ability to access, use, analyze, evaluate and create media in different forms 
with responsibility and ethics. 
 ICT Literacy is the ability to use digital technology, communication tools to locate, evaluate, 
use and create information. 
 
Phase II: The result of the effect of integration of ICT in classroom for enhancing the 21st century learning 
skills can be described as follows. 
 
 Group1: Undergraduate students   
 After integration 4 associated functions on Media Innovation and Information Technology for 
Educational Communication course, the result showed that 64 undergraduate students were 
enhanced the skills at the .01 level of significance with large effect (d=1.36), see Table 1. 
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Table 1. Comparison of the 21st century learning skills assessment of undergraduate students 
 
Self-assessment n  S.D. t p d
Before semester 69 92.23 12.29 9.75** .00 1.36 
After semester 69 107.94 10.71    
 **p < .01, d= effect size 
 
Table 2 shows that when considering each skill for undergraduate students separately, it was 
obvious that integration of ICT could enhance ICT Literacy (d =1.56), Media literacy (d =1.26), 
and Information literacy (d =1.11) at the .01 level of significance with large effect.  The 
students also were enhanced at the .01 level of significance with medium effect on 
Communication skill (d =0.77) and Collaboration skill (d =0.58) respectively.  
 
Table 2. Comparison each 21st century learning skills by self-assessment of undergraduate students 
 
21st century skills n 
Before semester After semester 
t p d 
 S.D.  S.D. 
Collaboration skill 69 23.85 2.72 25.35 2.46 4.21** .00 0.58 
Communication skill 69 16.07 2.92 18.25 2.76 5.73** .00 0.77 
Information literacy 69 17.18 2.90 20.20 2.54 8.01** .00 1.11 
Media literacy 69 16.81 2.94 20.25 2.51 8.65** .00 1.26 
ICT Literacy 69 18.30 3.87 23.89 3.27 9.89** .00 1.56 
 **p < .01, d= effect size 
 
 Group2: Graduate students   
 After integration 4 associate functions on Technology and Research for Knowledge 
Construction and Communication course, the result showed that 22 undergraduate students 
were enhanced the 21st century learning skills at the .01 level of significance with large effect  
(d =1.78), see Table 3.  
 
 Table 3. Comparison of 21st century skills assessment of graduate students 
 
Times assessment n  S.D. t p d 
Before semester 22 94.50 6.89 6.98** .00 1.78 
After semester 22 109.81 10.01    
 **p < .01, d= effect size 
 
Table 4 shows that when considering each skill for graduate students separately, it was obvious 
that integration of ICT could enhance on ICT Literacy (d =1.60), Information literacy (d =1.55), 
Media literacy (d =1.38), Collaboration skill (d =0.95), and Communication skill (d =0.94) at 
the .01 level of significance with large effect respectively. 
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Table 4 Comparison each 21st century learning skills by self-assessment of graduate students 
 
21st century skills n 
Before semester After semester 
t p d 
 S.D.  S.D. 
Collaboration skill 22 24.36 1.46 26.00 1.95 3.17** .00 0.95 
Communication skill 22 16.51 1.73 18.54 2.50 3.18** .00 0.94 
Information literacy 22 17.22 1.87 20.22 1.99 4.53** .00 1.55 
Media literacy 22 17.22 1.90 20.68 2.98 5.05** .00 1.38 
ICT Literacy 22 19.13 2.88 24.36 3.61 6.24** .00 1.60 
 **p < .01, d= effect size 
6. Conclusion 
Four associated functions of ICT in teaching and learning were appropriated and could enhance the 21st 
Century learning skills.  It was designed underlying pedagogical methods which were led to become mastery in 
knowledge and skills in the same frame faster (Dede, 2010).  Therefore, the students not only mastered in subject 
matter knowledge but also enhanced the 21st century learning skills at the same time.  The results from two 
groups showed that there is significant difference between self-assessment skills before and after semester.  
Moreover, the effect sizes from two groups showed that integration of ICT in classroom through 4 associated 
functions affected not only the digital literacy (information literacy, media literacy, and ICT literacy) but also 
collaboration and communication skill as well.   
It should be noted that the effectiveness of ICT integration collaboration and communication skill possibly 
depended on learning activities that students encountered.  In this study, both groups were assigned only one 
group project.  If the students get involved in more group activities, the collaboration and communication skill 
should be improved accordingly.  It is therefore suggested that every subject should integrate four associated ICT 
to enhance the 21st century learning skills continuously to prepare the students to meet the needs in careers and 
lifelong learning for advanced economies. 
For future study, another important 21st century learning skills such as creativity and innovation skill, critical 
thinking and problem solving skill should be investigated on how integration of ICT can enhance them.    
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